Because Deng's grey relational degree is inconspicuous, Deng's relational degree with an exponential function is first presented. Then, we demonstrate that improved Deng's relational degree is more conspicuous than the original model. Then, we construct a multiple-attribute decision-making model, based on improved Deng's relational degree with multiple stages, and a method for determining the weight of the index is also developed. Finally, the core competence of private enterprises in Henan province is analyzed, illustrating the validity and feasibility of the improved model.
Introduction
Literature Review of Grey Relational Analysis. Evaluations and decisions are types of problems that are often encountered in daily life [1] [2] [3] . Planning, supplier selection, and business performance and investments must be analyzed to determine the alternatives, enterprises, and products to make decisions. Generally, assessments and decision-making are collectively referred to as the decision theory, clustering, and application.
There are many models and methods of decision-making. During the actual decision-making, methods that require more data are not ideal due to the uncertainty and scarcity of information. Considering that the grey system theory can address system problems with regard to poor information, it has been applied to the decision-making field by many scholars. The use of grey relational theory has been researched extensively in solving decision-making problems. When addressing decision-making problems, existing grey relational analysis (GRA) models form the basis for decisionmaking [4] [5] [6] [7] [8] . Various types of GRA models can be selected, depending on practical issues.
GRA is predominantly used with decision-making [9] [10] [11] [12] and evaluation methods [13] [14] [15] [16] . Grey relational clustering is used by policymakers in group decision-making problems. Song et al. proposed the decision information aggregation decision model after clustering decision-makers' classes and improved the quality of decision-making [17] . Combining grey relational degree and the relational degree of European association, Hu et al. constructed the average similarity degree to evaluate schemes with regard to the ideal solution and negative ideal positions, clarifying the decisionmaking process [18] . Based on the essential characteristics of the interval grey number, Chen and Liu defined a new interval grey number deviation degree and developed the grey interval incidence coefficient formula and grey relational degree to establish the projection feature vector method and fuzzy complementary judgment decision models, the validity of which has been proven in many examples [19] .
For multiattribute risk decision-making problems with continuous random variables, based on the value of property, Liu and Guan generated a similar decision-making model using the grey relational degree and provided the 2 Mathematical Problems in Engineering decision-making steps [20] . Introducing the punished variable weight, Yang and Chen constructed a grey relational decision model, based on the variable weight and TOPSIS, and applied it to project bidding, and their results demonstrate that the new method is valid and stable [21] .
For multiple-attribute decision-making problems with intuitionist fuzzy numbers, Wei determined the weight using the grey relational degree. The calculation steps of decision information aggregation are based on positive, negative, and ideal degrees. A numerical example has been given to illustrate the effectiveness and value of this proposed approach [22] . Based on the evaluation model of the grey relational degree, Lee and Lin assessed energy consumption in office buildings [23] . Combining the VIKOR algorithm and grey combination, Kuo and Liang introduced a fuzzy multiattribute decision-making model to examine service quality problems of international airlines. This decision model is effective and practical in assessing quality of service [24] . Using the fuzzy analytical hierarchy process and grey relational degree, Samvedi et al. constructed the multiattribute decision-making model for machine tool selection. Compared with other machine selection decision models, this model performs better [25] .
The GRA model has been widely applied to societal economics and engineering practice problems, such as in determining regional economy development gaps [26] , identifying the factors that influence service brand equity [27] , tuning PID control parameters for micro-piezo-stage [28] , examining utilization [29] , establishing laws of maximum flood peak in the upstream Yellow River [30] , and failure mode and effects analysis [31] .
Literature Review of Evaluation of Enterprises' Core Competence. With over 30 years of reform and opening-up of market, Chinese private enterprises have achieved rapid development and have gradually become an important part of the socialist market economy and a new source of growth for the national economy. During the development of China's private enterprises, their core competitive ability has undergone constant evolution and development. Scholars have examined evaluation models of enterprise competence and their applications in specific industries.
The integrity, systematics, externality, and timeliness of evaluation methods have garnered the most attention, and, despite many studies on the evaluation of enterprises' core competence from a knowledge and finance perspective, the literature on the core competence of enterprises with regard to the entire operation continues to grow. Feng and Yi developed an evaluation index system for financial structure, scale strength, profitability, operational capacity, and development, based on the sum and absorption of the classical financial evaluation of core competence [32] . Xia extracted the explicit evaluation index for the capability, resources, and survival of enterprises by analyzing the top 20 small and mediumsized enterprises on the Shenzhen Stock Exchange and built an overall appraisal model of competitiveness for them [33] .
Feng and Diao decomposed profit, operation, scale, and growth indices into 13 second-level indexes by principal component analysis and evaluated the core competitiveness of life insurance enterprises, considering time as a factor, after defining the scope of their competitiveness [34] . Combined with the sustainable development theory and competitive advantage theory, Wang et al. developed an index to evaluate enterprise competitiveness with regard to resource conditions, the structure and benefit of the industry, development and support, and sustainable effects [35] .
The evaluation index has changed from qualitative and quantitative or semiquantitative evaluation to a nearly quantitative assessment. Liu et al. combined the AHP and Delphi method and analyzed evaluation indexes of 4PL: market competition ability, core business ability, information technology, organizational ability, management, and local government capacity [36] .
Research on evaluation models has shifted from finance, energy, and innovation to examples of enterprises in culture, education, logistics, medicine, automobile, and other industries. Further, more attention has been paid to the differences in establishing evaluation index systems between industries, prompting the development of models to evaluate industries and regions. Wang divided evaluation indexes of headquarters' economy into 3 levels. The first level comprises the basic conditions, business development, service support, and degree of openness [37] . Cai presented 4 evaluation indexes, industry input, industry output, industry market performance, and industry technical level, using principal component analysis and evaluated the competitiveness of Xiamen's 29 manufacturing industries [38] .
Zhang learned from theories on enterprise competitiveness and studied methods and index systems to evaluate industry competitiveness of microenterprises, considering the characteristics and competitiveness of small and medium-sized enterprises in various provinces and cities [39] . Yang and Zhu applied the interval fuzzy number method to evaluate the competitiveness of enterprises in culture, education, logistics, medicine, and the iron and steel industries [40] . Chang assessed the core competitiveness of airlines, third-party logistics companies, and logistics companies using the AHP-TOPSIS model [41] .
Research Motivation. Based on the literature review above, the grey relational theory has been widely applied to decisionmaking problems. With regard to grey theory decisions, Deng's relational degree is the most popular method. Obviously, for decision-related problems, greater precision in selecting the project or supplier improves the results, which can increase the quality of the decision-making. However, in practical applications, the current grey Deng's relational degree is suboptimal in computing the correlation between indices (e.g., the relevance index distinction) [42] , because current Deng's grey relational degree has a lower limit, which is not conducive to identifying the relevance index as weak. Thus, the concept of a new grey relational degree resolution, based on an exponential function, is defined in this paper, and we demonstrate that the precision of improved grey Deng's relational degree resolution is higher than that of the original model.
In the next section, improved grey Deng's relational degree model is presented, and its advantages are discussed.
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The dynamic multiple-attribute assessment model, based on the improved grey Deng's relational degree model, is developed in Section 3. The model is applied to evaluate the core competence of private enterprises in Xuchang City in Section 4. Section 5 presents the conclusions and future research.
Improved Grey Deng's Relational Degree Model
Definition 1 (see [43] ). Assume that the related behavior sequence in a system is (1) , (2) , . . . , (
. . .
where ∈ (0, 1). Thus
where ( 0 , ) is known as Deng's grey relational degree and is the distinguishing coefficient.
Definition 2. Assume that ( ) and ( ) are 2 types of grey relational degrees; if any
then the resolution of ( ) is higher than ( ).
In the use of grey relational analysis correlation for different objects with the same index, when the difference in index values is small, the calculated grey correlation degree of is easier to use to judge the correlation between behavioral sequences than . We can see that the resolution of grey correlation is larger than . We analyze traditional Deng's grey relational degree.
First, we present traditional Deng's grey relational formula:
Then,
Thus, the denominator of 0 is linear, indicating that the resolution of 0 is not high for different objects (same index correlation). In addition, we can prove that 0 ∈ (0.333, 1], where is 0.5 in general. Thus, Deng's grey relational degree cannot differentiate between 2 sequences, the correlation of which does not exist or is close to 0. This is not consistent with the grey relational degree of the standard. When is small, ≈ 1+ and has smooth, nonlinear characteristics, and ultimately will be used to replace the denominator of 0 to overcome the disadvantages of traditional Deng's grey relational degree.
Definition 3.
Assuming the system behavior sequence as shown in Definition 1, we define as the improved Deng's grey relational degree, where is the resolution coefficient. From Figure 1 , when ≤ 2.5, − > 1/(1 + ) 2 ; that is, the resolution of 0 is greater than 0 . When these 2 values are very close, there is no obvious resolution. In addition, improved Deng's grey relational degree avoids the degree with a lower limit. Thus, improved Deng's grey relational degree improves the existing deficiency of Deng's grey relational degree.
Dynamic Multiple-Attribute Assessment Model
For a multiple-attribute decision-making problem , the evaluation object set = { 1 , 2 , . . . , }, attribute set = { 1 , 2 , . . . , }, and stage set = { 1 , 2 , . . . , }. In the stage , the attribute value of object is . = 1, 2, . . . , , = 1, 2, . . . , , = 1, 2, . . . , .
The weight of attribute in stage is set to to evaluate enterprise production, management, and development. We need a general evaluation of the various aspects of the management of each enterprise, necessitating an evaluation model to obtain the overall appraisal of each enterprise value; the key issue is determining how to calculate the weights of enterprises that operate in disparate aspects and stages of development. Because less data can be generated in the assessment of enterprises, we solve business development problems by the grey evaluation system. Grey relational degree is used to determine attribute weights and time weight.
The relationship between system factors is measured, and the superior and inferior system factors are determined, resulting in the weight of each factor. The steps are as follows.
Step 1. Select the reference sequence. With ( = 1, 2 
Step 2. Construct the positive ideal solution using
Step 3. Calculate the positive ideal solution of attribute values using grey correlation degree
where is 0.5.
Step 4. Calculate attribute weights by
. . , , = 1, 2, . . . , , = 1, 2, . . . , .
Step 5. Determine the time weight and negative ideal scheme with
Evaluate objects in the stage whole positive, negative deviation, respectively, as follows:
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The entire positive and negative deviation of evaluation objects is, respectively,
Accordingly, the entire evaluated objects' positive and negative deviations, respectively, are
Step 6. For system evaluation objects, the entire positive and negative evaluation values are
Calculate the close degree = + /( + + − ) and rank the objects by close degree.
Determining the time weight is as follows. When determining the time weight, we should determine the positive deviation from the ideal minimum amount and the negative deviation from the ideal maximum. Accordingly, we transform it into the following multiobjective programming problem:
Because the weight has a certain degree of uncertainty for decision systems with incomplete information, we should reduce the uncertainty of the time weight as much as possible. As per entropy definition, we define time weight as follows:
As per the maximum entropy principle, we equalize the weight as much as possible; then, the maximum entropy can be expressed as
Further, we introduce the coordination coefficient. Because the positive ideal and negative ideal deviations of the total amount are independent, the coefficient can be arranged as . Taking the 3 goals into account collectively, the coefficient of ( ) is 1 − 2 . Combine the 3 optimization objectives above into a single objective minimization problem:
6 Mathematical Problems in Engineering where 0 < < 0.5 is the balance coordination coefficient value for the 3 targets, according to the actual situation analysis. In this paper, considering the 3 goals as equally important, let = 1/3.
Construct the Lagrange function:
According to the necessary conditions for the external existence,
Consider the following solution:
Because ∑ =1 = 1, we get
Case Study
In this section, we use the dynamic multiattribute decision model above to evaluate the core competence of private enterprises in Xuchang City over the last 4 years.
Determination of Index System in the Evaluation Questionnaire for the Core Competence of Xuchang Private Enterprises.
The questionnaire is designed for each variable. When designing items, existing scales should be cited as much as possible, and new items that are based on research variables are added. Finally, the evaluation indexes of the core competence of private enterprises in Xuchang are constructed, as in Table 1 .
(1) Technological capability includes 3 levels of indexes: equipment and technic, the number of invention patents, R&D staff/workers, R&D funds/gross proceeds from sales, and the ability to innovate with university/institute by production-study-research cooperation.
Equipment and technical level indexes are divided into international advanced level, domestic leading level, and industry average level; the number of invention patents is the number of invention patents that the enterprises own; R&D staff is defined as the number of research fellows; R&D funds are the R&D funds that are invested; and the ability to innovate with university/institute by productionstudy-research cooperation is the average annual output of collaboration.
(2) Management ability consists of 3 levels of indexes: overall labor productivity, enterprise reputation, management quality of the entrepreneur, knowledge quality, and development ability. Overall labor productivity is the gross profit/staff number; enterprise reputation is divided into Xuchang famous, Henan famous, national famous, and international famous.
Management quality of the entrepreneur consists of 3 levels: good, scored 8-10; common, scored 5-7; and poor, scored 1-4. An entrepreneur who makes quick decisions that are always right and can delegate is at a good level; the common level refers to those whose decisions, coordination, and other management methods are common; poor level refers to those with poor comprehensive management.
Knowledge quality is evaluated through knowledge of humanities and social sciences and management expertise. Those with overall knowledge are scored 8-10; those with common knowledge are scored 5-7; and those who are ignorant of the knowledge are scored 1-4.
Development ability consists of the ability to seize market opportunity, promote a market, and innovate and is divided Table 1 : Index system in the questionnaire for the evaluation of the core competence of private enterprises.
Index system in the questionnaire for the evaluation of the core competence of private enterprises (3) Growth capability consists of third-level indexes, which are sales revenue growth, profit growth, growth rate of total assets, net asset growth, and capital preservation increment rate.
Sales revenue growth equals the amount of sales revenue growth/original amount of revenue * 100%.
Profit growth is sales growth in the amount of profit/the amount of original sales profits * 100%.
Growth rate of total assets is the amount of total asset growth/total amount of the original assets * 100%.
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Net asset growth is the amount of net asset growth/net amount of the original assets * 100%.
The increment rate of capital maintenance equals ownership interest at the beginning of year + profits at the end of year/ownership interest at the beginning of year * 100%.
(4) Financial capability consists of third-level indexes: current ratio, accounts receivable turnover, asset-liability ratio, net assets returns ratio, turnover of current capital, inventory turnover ratio, and total assets turnover ratio.
Current ratio equals total current assets/total current liabilities * 100%.
Accounts receivable turnover equals net income of credit/average balance of receivables * 100%.
Asset-liability ratio equals total liabilities/total assets × 100%.
Net assets returns ratio equals after-tax profits/total net assets * 100%.
Turnover of current capital equals amount of turnover/average occupancy of current capital * 100%.
Asset-liability ratio equals cost of goods sold/average balance of stock * 100%.
Total assets turnover ratio equals net sales/total average assets * 100%.
(5) Product market capability consists of third-level indexes: customer satisfaction, market share of main products, market coverage, and profit margin of main product sales.
Customer satisfaction is obtained according to the enterprise's survey.
Market share of main products equals market share that equals sales income of enterprise/total sales of market * 100%.
Market coverage equals the amount of product-launching regions of the enterprise/amount of national product regions.
Profit margin of main products sales equals sales profit of main products/total sales of main products * 100%.
(6) Human resource consists of third-level indexes: ratio of people with a college degree, annual training cost of staff, annual average training time of staff, and average working year of staff.
The ratio of people with a college degree equals the number of people with a college degree/number of employees.
The annual average training time of the staff is defined as all staff training time in 1 year on average.
The annual training cost of staff refers to all staff training costs in 1 year.
The average working year of the staff equals the total working years of all staff/number of all employees.
(7) Enterprise culture consists of third-level indexes: the annual average times of the enterprise participating in public benefit activities, annual average cost of enterprise participating in public benefit activities, mental outlook of employees, and degree of influence of corporate philosophy on corporate development.
Annual average times of the enterprise participating in public benefit activities equal the total times that the enterprise participates in public benefit activities in the most recent 10 years/10.
The average cost of an enterprise participating in public benefit activities equals the total cost of the enterprise participating in public benefit activities/10.
The mental outlook of employees is judged by the motivation of the staff to work. An enterprise in which over 80% of the staff work hard is scored 7-10; one with over 50% is scored 4-7; one with over 20% is scored 1-3; and those with under 20% are scored 0.
The degree of influence of corporate philosophy on corporate development is divided into 3 classes. An enterprise with a philosophy that permeates all aspects and affects its strategic decision-making is given a score of 8-10. In contrast, an enterprise with a philosophy that only has a greater impact in its management scores 4-7 and an enterprise in which its philosophy is merely a slogan is given 0.
Calculation and Results of Evaluation.
There are 34 indicators on technical ability, management ability, growth ability, financial capacity, product market resources, human resources, and enterprise culture, forming the enterprise's comprehensive ability from 2010 to 2013.
Except for the asset liabilities rate being a moderate index, the rest are profitability indexes. To ensure that the results are not affected by the index dimension, we proceed as follows: profitability index = /max , ( = 1, 2, . . . , , = 1, 2, . . . , ), and is an index. The results can be seen during [0, 1]. For the moderate index asset liabilities rate, a 40% to 60% rate for the enterprise is favorable; therefore, we choose 50% as a moderate value, treated as follows: = 1 − |0.5 − |/0.5. In this paper, 0 < < 1; thus, the index after the conversion rate of assets and liabilities remains in the range of [0, 1]. Based on the attribute weights and time weight method above, we can obtain the results. According to the findings, from 2010 to 2013, the ranking of the four enterprises with regard to comprehensive core competence is as follows: Henan Senyuan Electric Company > Henan Zhongtian Electrical Limited by Share Ltd > Henan Wanli Transportation Company > Elevator.
Conclusions and Future Studies
A method that can differentiate relevance indices is defined in this paper. Also, improved Deng's relational degree is introduced, and we prove that it distinguishes between strong and weak relevance indexes with greater precision. Then, according to new Deng's relational degree, we constructed a dynamic multiple-attribute decision-making model and applied it to the evaluation of private enterprises. The results verify the feasibility of the new decision-making model.
Future studies can be performed, based on the ideas in this paper. For example, we merely proposed an improved grey relational model, based on Deng's relational degree; other types of grey relational models, such as 's grey relational model, can be improved using exponential functions. The improved grey relational model can also be combined with clustering methods and decision-making methods. Thus, more applications of decision-making models that are based on the improved grey relational model can be identified. In terms of applications, all types of models should be improved and combined with regard to practical problems.
